I. INTRODUCTION
The role of quenched random disorder ͑QRD͒ in perturbing second-order phase transitions is an actively investigated and important problem in condensed matter physics. The introduction of new, disorder-driven, critical behavior is of particular interest for the theory of critical phenomena for amorphous and pure systems. Soft-condensed matter systems have provided considerable insight into the physics of QRD beyond the work in doped magnetics ͓1͔ and superfluids in aerogels ͓2͔. Work with a dilute aerogel glass matrix embedded in a liquid crystal provided an early advance but these systems were difficult to work with and appear to be in the strong disorder regime ͓3͔. There remain many issues regarding QRD to be resolved, such as the onset of glassy behavior and the proper measure of disorder strength.
Low density thixotropic gels formed by dispersing aerosil nanoparticles in a liquid crystal ͑LC+ gel͒, although originally explored for potential applications ͓4-6͔, provide excellent systems for the study of quenched disorder ͓7-9͔. The focus of this work is on the nematic ͑N͒-smectic-A ͑SmA͒ transition, and the N-SmA critical behavior of pure LCs has been extensively studied with high-resolution calorimetric and x-ray scattering techniques ͓10͔. The colloidal gels formed by hydrogen-bonded cross-linked chains of aerosil particles create disorder due to surface interactions ͑"pinning"͒ with LC molecules. It is expected theoretically ͓11͔ that such gels can introduce both random orientational fields that couple to the LC nematic director and random positional fields coupled to the smectic density-wave order parameter. Several random LC+ sil systems have been investigated ͓12-15͔, and the most detailed random aerosil gel studies are on 8CB+ sil samples ͓12,13,16,17͔. Octylcyanobiphenyl ͑8CB͒ is a readily available and very stable liquid crystal, and the N-SmA transition has been more extensively studied in 8CB than in any other LC.
Recently there has been reported a detailed x-ray study of 8CB confined in aligned ͑uniaxially strained͒ aerosil gels ͓18,19͔. This anisotropic random environment is of special interest since there are theoretical suggestions ͓20͔ that smectics in an aligned gel should belong to the random-field XY universality class. This is in contrast to the case of LCs in random ͑unaligned͒ gels, where coupling of the orientational random fields to the nematic order parameter and the soft elasticity of the LC lead to the prediction ͓11͔ that the confined smectic phase is more complex and differs from standard random-field XY systems. For 8CB in aligned gels the low-temperature x-ray scattering intensity has been shown to be consistent with a XY Bragg glass ͓19͔. Also the critical behavior of the smectic correlation lengths and susceptibility associated with thermal fluctuations in the nematic phase of aligned 8CB gels is different from that observed in random 8CB+ sil gels. It should be noted that although both aligned and random gels destroy the quasi-long-range SmA order observed in pure LCs ͓13,19͔ substantial short-range smectic order exists at low temperatures for LC+ sils and thermal fluctuations can still be characterized by effective critical exponents.
The present paper describes a high-resolution calorimetric study of the heat capacity C p associated with the N-SmA transition in 8CB confined in aligned aerosil gels. These C p data ͑corresponding to critical fluctuations in the enthalpy͒ complement data on the correlation lengths obtained from the x-ray study. By combining calorimetric and x-ray data, it is possible to demonstrate the applicability of two general concepts to 8CB in aligned gels-hyperscaling, which relates critical exponent values, and two-scale universality, which * gsiannac@wpi.edu concerns the magnitudes of the C p peak and the correlation volume. Specifically, this work demonstrates the rapid crossover of the critical exponent ␣ to XY-like critical behavior for the N-SmA transition in aligned aerosil gels. These observations are discussed in terms of modification of the nematic-smectic coupling by the aerosil gel. More broadly, these results point to the unique ability of LC+ gel systems to tune the nature of the quenched random disorder through the alignment of the aerosil gel.
The sample preparation and gel alignment procedures as well as the essential features of the ac-calorimetric technique are described in Sec. II. The experimental C p results and the analysis of C p in terms of critical exponents are given in Sec. III together with a general discussion general of the critical behavior of both C p and the smectic correlation lengths. A discussion of the role of the gel in modifying the thermal fluctuations from those observed in the pure LC is given in Sec. IV.
II. EXPERIMENTAL PROCEDURES
Random gel samples of 8CB+ sils were prepared using the solvent-dispersion method ͓12͔. The liquid crystal octylcyanobiphenyl ͑8CB͒ was obtained from Frinton Laboratories and has a molar mass of 291.44 g mol −1 . The hydrophilic type-300 aerosil obtained from DeGussa consists of 7-nm diameter silica particles and has a specific area a of 300 m g −1 . Both materials were thoroughly degassed at high temperatures under vacuum for at least 2 hours. After measured amounts of 8CB and sil were dissolved and/or dispersed in high-purity ͑very low water content͒ acetone, the solvent was allowed to evaporate slowly over several hours. The resulting 8CB+ sil gel was then degassed at ϳ320 K for 2 -3 hours to ensure complete removal of the acetone. The concentration of the aerosil in each sample is characterized by a density S , defined as the mass of silica in grams per volume of LC in cm 3 ͑the units g cm −3 for S will be dropped hereafter͒. This definition of the sil density is useful since S can be directly related to important features of the gel such as the mean void size l 0 =2/ a S and the pinning fraction p = l b a S ͑volume fraction of LC in a boundary layer contacting the solid surfaces where l b is the layer thickness taken as the LC molecular length͒ ͓12,17,21͔. Six different 8CB+ sil batches were prepared with S values ranging from 0.030 to 0.150. The resulting 8CB+ sil samples have a homogeneous aerosil gel structure that is fractal in character over a range of length scales ͓12,22͔ and such a gel is considered to be a random sample.
Aligned gel samples were prepared by sealing a random gel of the desired composition into a calorimetric cell and then thermally cycling the system ϳ100 times through the nematic-isotropic ͑N-I͒ phase transition in the presence of a 2-T magnetic field. The resulting aligned gel samples were robust and of good quality, as confirmed by x-ray studies of aligned samples that were prepared is a nearly identical way ͓18,19͔. The C p peaks were reproducible on repeated runs, and the x-ray work showed that the induced nematic alignment was unchanged by heating into the isotropic phase and then recooling in the absence of the magnetic field or by long-term storage at room temperature.
High-resolution ac calorimetric data were acquired using a home-built calorimeter whose basic characteristics have been described elsewhere ͓23͔. The technique consists of applying a very low frequency ac heating power to the cell as P ac e it and detecting the amplitude of the resulting temperature oscillations T ac and a relative phase shift of = ⌽ + / 2, where ⌽ is the absolute phase shift between T͑͒ and the input power. The specific heat at a heating frequency is given by
where C filled Ј and C filled Љ are the real and imaginary components of the sample+ cell heat capacity, C empty is the heat capacity of the cell and the silica, m LC is the mass in grams of the liquid crystal ͑since the total mass of 8CB+ sil was ϳ15 mg, the m LC values lie in the range 10-15 mg͒, and R is the thermal resistance between the cell and the bath ͑typically 200 K W −1 ͒. Measurements were conducted at various frequencies in order to confirm the applicability of Eqs. ͑1͒ and ͑2͒ by checking that C p ЉϷ 0 through the N-SmA transition region and that C p was independent of . Finally, a small, essentially T-independent, correction factor is required to account for the finite internal thermal resistance compared to the external R, and this correction ͑on the order of 0.5% for both aligned and random samples͒ was applied to all samples ͓24͔. Note that in these measurements, the silver cell completely encloses the aligned 8CB+ sil sample resulting in two parallel thermal paths from the heater to thermometer. Any change in the thermal resistance of the 8CB+ sil sample due to alignment will not dominate that of the silver cell, and thus the applicability of this one-lump model is ensured over the entire temperature range studied. All data presented here were taken at = 0.1473 s −1 and the scanning rate for the variation in the mean sample temperature was less than Ϯ200 mK h −1 , which yields essentially static C p values. All 8CB+ sil samples underwent the same thermal history after being mounted in the calorimeter: six hours in the isotropic phase to ensure equilibrium in such samples where disorder can induce slow dynamics ͓25,26͔, then a slow cool deep into the smectic phase before beginning initial data collection during slow heating.
In addition to the six aligned gel samples, two random gels ͑with S = 0.05 and 0.13͒ were also studied in order to provide confirmation that the 8CB sample and calorimetric procedures were completely compatible with previously presented results ͓12͔. We note that these reference samples were subjected to a thermal history identical to that of the aligned gels; specifically, they were cycled between the isotropic and nematic phases ϳ100 times while positioned in the bore of the magnet, except with the magnetic field set to zero so that these gels experienced no alignment.
III. RESULTS AND ANALYSIS

A. Calorimetric results
The heat capacity of a liquid crystal consists of two distinct contributions-a large and weakly temperaturedependent background heat capacity C p ͑background͒ that represents the result expected for a nonmesogenic organic liquid of comparable molar mass and a phase transition contribution, due in the case of 8CB to the N-I and N-SmA phase transitions. Figure 1 shows this phase transition part C p -C p ͑background͒ for pure 8CB ͓12͔ and for 8CB confined in an aligned gel with S = 0.03. The value of C p ͑background͒, in J K −1 g −1 , for pure 8CB is well represented over the 290-320 K range by 0.6011+ ͑4.17 ϫ 10 −3 ͒T, and very similar linear backgrounds are obtained for all the 8CB+ sil samples.
The smooth dashed curve underlying the N-SmA heat capacity peak represents C p ͑baseline͒-C p ͑background͒, where C p ͑baseline͒ is the C p variation expected for the N-I peak in the absence of an N-SmA transition. The excess heat capacity associated with the N-SmA transition is given by
It is obvious from a series of plots like that shown in Fig. 1 that the nematic wing of the N-I heat capacity peak varies with the sil density S whereas the isotropic wing above T NI shows an excellent overlay of C p ͑pure͒ and C p ͑sil͒. This behavior differs from that observed for random 8CB+ sil gels ͓12͔ where the N-I wings coincide for pure 8CB and the 8CB+ sils on both sides of T NI . See Ref. ͓27͔ for further details of the C p behavior in the N-I region for 8CB in aligned gels. The C p ͑baseline͒ curves for aligned 8CB+ sils and pure 8CB differ by a quantity linear in Table I and these quantities will be compared to those for random 8CB+ sil gels in Sec. III D.
TABLE I. Summary of several features of the calorimetric results for the nematic to smectic-A phase transition for 8CB in six aligned and two random ͑unaligned͒ gels formed in 8CB+ aerosil systems. The units are grams of silica per cm 3 8CB for the aerosil density S , nm for the void size l 0 , K for the effective critical temperature T NA * , J K −1 g −1 and J K −2 g −1 , respectively for the baseline parameters B 1 and B 2 ͑see text͒, J g −1 for the integrated enthalpy ␦H NA , and J K −1 g −1 for the maximum heat capacity h M . In all cases, g represents the grams of 8CB liquid crystal. ͓12͔͒ with that for 8CB confined in an aligned gel with an aerosil density S of 0.03. See text for a discussion of C p ͑background͒. The dashed lines represent the C p ͑baseline͒ variation expected for the N-I peak in the absence of a N-SmA transition. The transition temperature T NI is taken to be the high-temperature limit of N-I two-phase coexistence.
B. Critical analysis
The principal objective of the present study is to characterize the critical fluctuation behavior of ⌬C p ͑NA͒ for aligned gel samples. A critical exponent analysis has been carried out using the usual power law form with correctionsto-scaling terms ͓10,12͔,
where t = ͑T − T NA * ͒ / T NA * is the reduced temperature and B C is a temperature-independent term arising from the singular free energy. Figure 3 provides a qualitative demonstration that the dependence of ⌬C p ͑NA͒ on ͉t͉ for 8CB in aligned gels differs greatly from that of ⌬C p ͑NA͒ for pure 8CB. This figure also shows that the critical exponent ␣ for aligned 8CB+ sils must be close to zero ͑since ln͉t͉ corresponds to the ␣ → 0 limit͒. The least-squares fits with Eq. ͑4͒ were carried out only for sils in the so-called soft gel regime ͓12,17,21͔ where S ഛ 0.1. This corresponds to the range of sil densities studied with x-ray scattering ͓19͔; and in practical terms fitting the samples with S = 0.13 and 0.15 would be difficult in any case due to the extent of truncation and rounding near T NA * for those samples. The fits were of good quality and residual plots, not shown, do not reveal any significant structure. The parameter values obtained from fitting ⌬C p ͑NA͒ with Eq. ͑4͒ are given in Table II. As shown in Fig. 4 , the behavior of the critical exponent ␣ as a function of S is dramatically different for aligned gels and random gels. In the case of random gels, ␣ varies gradu-FIG. 2. Overlay of the specific heat associated with the N-SmA transition for pure 8CB and six aligned 8CB+ aerosil gel samples. The inset indicates the aerosil densities S for these gels, and the effective critical temperatures T NA * are given in Table I. FIG. 3. Semilog plots of the excess specific heat associated with the N-SmA transition as a function of reduced temperature t for pure 8CB and two aligned gels with aerosil densities S of 0.030 and 0.070. Power-law fits to the aligned gel data were carried out for ͉t ͉ Ͻ ͉t͉ max = 0.005. ally with S , changing smoothly from the pure 8CB value to approximately the 3D-XY value, ␣ XY = −0.013 ͓28͔, when S is ϳ0.1. For the aligned gels, the ␣ values are independent of S and agree within their error limits with ␣ XY . Another indication of XY-like critical behavior for ⌬C p ͑NA͒ of aligned gels is the amplitude ratio A − / A + . The theoretical value of this ratio for the 3D-XY model is 0.971 ͓29͔, and the A − / A + values in Table II agree very well with this except for the sample with S = 0.100. The correction-to-scaling coefficients D Ϯ are less well behaved. However, these correction terms only play a role in the fit for ͉t͉ values near ͉t͉ max = 0.005 and do not influence the asymptotic ␣ value.
C. Comparison with x-ray scattering results: Hyperscaling and two-scale-factor universality
The critical behavior of ⌬C p ͑NA͒ for 8CB in aligned gels is completely consistent with that of the correlation lengths obtained in a recent x-ray study ͓19͔. The x-ray scattering profile is characterized by two correlation lengths ʈ = ʈ0 t − ʈ and Ќ = Ќ0 t − Ќ , one parallel and one perpendicular to the nematic director ͑i.e., normal to the smectic layers and in the layers, respectively͒. Values reported for the critical exponents ʈ and Ќ are given in Table III . It is clear that these values are essentially independent of the aerosil density S and distinct from the values for pure 8CB, which is the same pattern of critical behavior observed for the exponent ␣.
As discussed below, there is a close connection between the leading singularity in ⌬C p ͑NA͒ and the correlation volume given by Fig. 5 is a log-log plot of ʈ Ќ 2 versus the reduced temperature t for the four x-ray samples of aligned 8CB + aerosils. Several features should be noted. Fits with Eq. ͑5͒ yield correlation volume exponents 3 that are all close to the 3D-XY value 2.013 ͓28͔, as shown in Table III . These 3 values are also in excellent agreement with the ʈ +2 Ќ values obtained from Ref. ͓19͔, as they must be. Furthermore, the magnitude of ʈ Ќ 2 is almost the same for all S values, while the mean void volume, l 0 3 , rapidly decreases from 1.5 ϫ 10 10 to 3.0ϫ 10 8 Å 3 as S increases from 0.027 to 0.100. Finally, the correlation volume for 8CB in aligned gels is larger at small reduced temperatures than that for pure 8CB. The latter behavior is mostly due to the behavior of Ќ . At t =10 −2 , both ʈ and Ќ values for sil samples are almost the same as the pure 8CB values. But at t =10 −4 , ʈ ͑sil͒ Ϸ 1.25 ʈ ͑pure LC͒, and Ќ ͑sil͒Ϸ2.0 Ќ ͑pure LC͒.
Shown in
The connection between the critical behavior of ⌬C p ͑NA͒ and ʈ Ќ 2 involves two theoretical relationships: ͑a͒ hyperscaling ͓31͔ 2 − ␣ = 3 or 2 − ␣ − 3 = 0, ͑6͒ ͑b͒ two-scale-factor universality ͓32͔
where the two-scale-factor quantity R + has a common constant value for all members of a given universality class. Hyperscaling has been shown to hold for pure LCs even when the exponents do not correspond to those from any known universality class ͓10͔, and Table III shows that hyperscaling is obeyed within the error bounds for aligned TABLE II. Least-squares parameter values for a fit with Eq. ͑4͒ to the specific heat peak ⌬C p ͑NA͒ associated with the N-SmA phase transition in aligned 8CB+ aerosil samples. The fit parameters B C and A Ϯ are given in J K −1 g −1 units, and the parameters D Ϯ are dimensionless. The range of reduced temperatures used for these fits is from ͉t͉ max = 0.005 to Ϯt min . TABLE III . Critical correlation length parameters for 8CB in aligned gels ͓19͔ compared with the fit parameters for ⌬C p ͑NA͒ from calorimetry. The x-ray data are characterized by ʈ = ʈ0 t −ʈ and Ќ = Ќ0 t − Ќ leading to a correlation volume ʈ Ќ 2 = ʈ0 Ќ0 2 t −3 . In three cases, the aerosil densities S for C p data ͑ S = 0.030, 0.070, 0.100͒ are very close to the x-ray values. For the case of S = 0.042, the ␣ and A + values given here were interpolated between the values for S = 0.030 and 0.050 in Table II . The typical uncertainties are Ϯ0.02 for the ʈ and Ќ values ͓19͔ and Ϯ0.04 for 3 obtained from a power-law fit to the correlation volume. The exponents for pure 8CB ͑ S =0͒ come from Refs. ͓12,30͔. R + is the two-scale-factor universal quantity defined in Eq. ͑7a͒. 8CB+ aerosils, where the exponents ␣ and 3 are close to 3D-XY values. Clearly, the concept of two-scale universality depends on hyperscaling being valid so that t 2−␣−3 = 1 for all t. In order to take into account a very weak temperature dependence in R + for these sils due to the fact that the least squares 3 is not exactly equal to 2 − ␣, the R + values given in Table III were obtained by averaging values given by Eq. ͑7a͒ over the reduced temperature range 5 ϫ 10 −4 Ͻ t Ͻ 5 ϫ 10 −3 . All the individual values for a given sil density lie within Ϯ0.02 of the average value. The listed values of R + for aligned 8CB+ aerosils are fairly close to the XY value of 0.3606 ͓32͔.
D. N-SmA transition characteristics
In addition to the behavior of the critical exponent ␣ described above, there are several other features of the ⌬C p ͑NA͒ peaks that deserve mention. The dependencies of the effective critical temperature T NA * , the maximum peak value h M , and the integrated enthalpy ␦H NA on the aerosil density S of aligned gels are described here and compared to those for random gels.
The sil density dependence of T NA * is shown in Fig. 6 for aligned and random gels. In both cases, there is a distinctive nonmonotropic variation T NA * ͑ S ͒ in the soft gel regime ͑ S less than ϳ0.1͒. A very similar variation has been observed for T NI ͑ S ͒ ͓12,27͔, and the dip in both T NA * and T NI is more pronounced for aligned gels than for random gels. The complex character of the shifts in transition temperatures has been discussed qualitatively for random gels in terms of a crossover from random-dilution behavior at low S to elasticstrain behavior at large S ͓12,33͔, and this interpretation presumably applies to the aligned gels as well.
The truncation of the ⌬C p ͑NA͒ peaks for aligned gels, given by the maximum peak values h M in Table I , is quantitatively very similar to that reported for random gels ͓12͔. This agreement is reasonable since the truncation is well described as a finite-size-scaling effect where the cutoff length scale is the mean void size l 0 ͓17,21͔, and small-angle scattering studies indicate that the alignment process does not appreciably restructure the gel on the length scale of l 0 ͓18͔. The variation with S of the integrated N-SmA enthalpy ␦H NA of aligned gels is qualitatively similar to that for random gels but differs somewhat in magnitude, as shown in Fig. 6 . An attempt to describe ␦H NA ͑ S ͒ for random gels in terms of finite-size scaling was not very successful ͓17,21͔ and such a description has not been attempted for aligned gels.
IV. DISCUSSION AND CONCLUSIONS
As described above, the effects of the aligned aerosil gel on the N-SmA critical behavior are twofold. First, the thermodynamically sharp transition behavior is destroyed, leading to a truncation of the N-SmA heat capacity peak that can be understood as a finite-size effect with a cutoff length scale l 0 . Second, the pseudocritical fluctuations are altered in a way that cannot be interpreted in terms of finite-size effects. Power-law analysis of the data for aligned samples successfully describes C p on both sides of the transition over a broad range of reduced temperatures, revealing critical exponents FIG. 5 . Critical behavior of the correlation volume ʈ Ќ 2 for aligned 8CB+ aerosil samples ͓19͔. Solid line represents the behavior of ʈ Ќ 2 for pure 8CB ͓30͔, and the dashed line shows the 3D-XY slope 3 XY = 2.013.
FIG. 6. The aerosil density dependence of the effective N-SmA critical temperature T NA * and the integrated enthalpy for the N-SmA transition of 8CB in aligned gels ͑solid circles͒ and unaligned random gels ͑open circles, from Ref. ͓12͔ plus two points marked by arrows from the present study͒. and amplitude ratios markedly different from those of either random samples or bulk 8CB. Similarly, the x-ray scattering results display altered critical exponents that are fully consistent with the C p findings.
To understand how the N-SmA transition for 8CB in aligned gels can be affected throughout the transition region, even at reduced temperatures where the smectic correlations are small compared with l 0 , requires a brief review of the character of the N-SmA transition in pure LCs ͓34͔. The SmA order parameter is ͉͉exp͑ikz + ͒, which is like the superconductor order parameter ⌿ for an XY normalsuperconductor transition. However, for LCs there is significant coupling between the smectic positional and the nematic orientational order that complicates the N-SmA critical behavior. The nematic order is described by a tensor Q ij that can be characterized by the scalar magnitude S on short length scales and a nematic director ͑"headless" vector͒ n on long length scales. There are two types of nematic-smectic coupling. The first of these is S-͉͉ coupling arising from a term C͉͉ 2 ␦S in the free energy, where ␦S is the change in the nematic order induced by the formation of smectic layers; and the perturbing effect of this coupling depends on the magnitude of C 2 N , where N is the nematic susceptibility ͓34͔. The second type of coupling involves the coupling of fluctuations ␦n in the nematic director n with the phase of the smectic order parameter.
The effect of S-͉͉ coupling is well understood, and it causes a crossover from second order to tricritical behavior that is clearly established for pure LCs ͓10͔. When the nematic range T NI -T NA is large, N is small at T NA ͑since S is almost saturated͒ and the N-SmA transition is second order with ␣ = ␣ XY . As the nematic range shrinks, S-͉͉ coupling grows and the transition crosses over to first order via a tricritical point with ␣ = 0.5. Unfortunately, the detailed effects of ␦ncoupling on the character of a N-SmA transition are still not well established theoretically ͓35͔, but this coupling is the cause of the critical anisotropy ʈ Ͼ Ќ observed in the behavior of the correlation lengths ͓34,35͔. For pure 8CB, the nematic range is fairly small ͑7.0 K ͓12͔͒ and both S-͉͉ and ␦ncoupling effects are strong, as shown by the exponent values given in Table III . For pure LCs with very wide nematic ranges ͑45-190 K͒, S-͉͉ coupling is absent and the critical behavior of ⌬C p ͑NA͒, the correlation volume ʈ Ќ 2 , and the smectic susceptibility is XY-like although there is still a small residual anisotropy ⌬ ϵ ʈ − Ќ Ͼ 0 ͓36͔.
The influence of aerosil gels on the N-SmA critical behavior of 8CB is substantial. As shown by the ␣͑ S ͒ variation in Fig. 4 , the S-͉͉ coupling effect is "turned off" by the aerosil but in different ways for random and aligned gels. For 8CB+ sil random gels and other LC+ sil random gels ͓14,15͔, the variation of ␣ with S is quite gradual and ␣ varies smoothly from ␣ pure to ␣ XY as S varies from 0 to ϳ0.1. In contrast to this, samples of 8CB in aligned gels exhibit ␣ Ϸ ␣ XY for all S values investigated. This S independence of the critical behavior in aligned gels is also true for the x-ray correlation length exponents ʈ and Ќ ͓19͔. In the context of contributions to the free energy, this suppression of S-͉͉ coupling implies a reduction in C 2 N . As mentioned earlier, theory indicates that the gel introduces both random fields that couple to the smectic order and orientational fields conjugate to the nematic order. These orientational fields are clearly different in aligned and random gels. However, we hypothesize that in both cases they act to reduce the nematic susceptibility, leading to the approach to XY critical behavior. For a given gel density, aligned gels are clearly more effective than random gels in promoting this reduction. Furthermore, since the correlation length anisotropy is markedly reduced-⌬ is 0.16 for pure 8CB but only 0.085Ϯ 0.04 for 8CB+ sil aligned gels-the ␦ncoupling is also presumably greatly reduced for 8CB in aligned gels compared to that in pure 8CB.
In spite of the very small critical anisotropy ⌬ and the XY-like behavior of both the critical heat capacity ⌬C p ͑NA͒ and the correlation volume ʈ Ќ 2 , there is one transition feature that is distinctly non-XY. The smectic susceptibility exponent ␥ has a density independent value for the four x-ray samples of 8CB in aligned gels, ranging from 1.53 to 1.56 with an average value of 1.545Ϯ 0.05 ͓19͔, and this differs greatly from the 3D-XY value of 1.317 ͓28͔. This large ␥ value for 8CB in aligned gels resembles those observed in pure LCs with intermediate nematic ranges ͓10͔ rather than pure 8CB ͑␥ = 1.26Ϯ 0.06 ͓30͔͒ or pure LCs with very wide nematic ranges ͑␥ = ␥ XY ͓36͔͒, but the reason for such a ␥ value is unclear.
There are several unresolved issues that deserve attention. Experimentally, it would be of considerable interest to explore the crossover behavior for the critical exponents of 8CB in aligned gels with densities between S =0 ͑pure 8CB͒ and the lowest aerosil density investigated here or with x-rays ͑ S Ϸ 0.03͒. The percolation threshold for gelation is S 0 ϳ 0.01 ͓12,16͔. For 0 Ͻ S Ͻ S 0 , there is no network gel structure and small clusters of aerosil particles are dispersed as solutes in a LC solvent phase. In this non-gel regime, the critical exponents are very similar to those in pure 8CB ͓16͔. The interesting region for study would be 8CB in aligned gels with densities S 0 Ͻ S Ͻ 0.03, assuming that robust alignment can be achieved for such low density samples. Theoretically, there are two questions of interest. How does an aligned gel act to completely turn off the S-͉͉ coupling effect and greatly reduce the ␦ncoupling? Why is an aligned gel much more effective than a random gel in changing the critical N-SmA behavior? Presumably, aligned and random gels affect long wavelength nematic fluctuations, and hence N , differently; however, it should be noted that neither have any substantial effect on the width of the nematic range.
